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(54) Production of polyethylene using stereoisomerlc metallocenes 



(57) A polyethylene resin produced by a process noxane, 
which comprises contacting under gas phase polymer- 
ization conditions ethylene and optionally a higher al- 
phaolefin with a catalyst composition comprising: 

(a) racemic and meso stereoisomers of a bridged 
metallocene catalyst containing two cycloalkadi- 
enyl ligands joined by a bridging linkage and com- 
plexed to a metal atom, each cycloalkadienyl ligand 
having facial chirality, and 

(b) a cocataiyst selected from the group consisting 
of methyialuminoxane and modified methyialumi- 
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wherein the polyethylene resin produced has a 
Polydispersity Index of at least 3.0, a melt index, Ml, and 
Relaxation Spectrum Index, RSI, such that (RSI) (Ml^) 
>26 when a is 0.7, a Crystaliizable Chain Length Distri- 
bution Index, l-w/Ln. 'ess than 3 and at (east 0.3 long 
chain branches per 1000 main chain carbon atoms. 
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Description 

[0001] This invention relates to production of polyethylene having a broad molecular weight distribution, a narrow 
comonomer distribution and excellent processability. Such polyethylene Is efficiently nnade using stereoisonneric mix- 
5 tures of bridged metailocene catalysts containing cycloalkadienyl ligands with facial chirality. 

BACKGROUND 

[0002] Single site catalysts such as metallocenes have received wide attention for their ability to make polyethylene 
10 having relatively nan^ow molecular weight and comonomer distributions at excellent polymerization rates. However, 
for applications requiring enhanced processability, such as extrudability, metallocene-made polyethylene Is deficient 
due to its narrow molecular weight distribution. 

[0003] A number of approaches have been proposed to broaden the molecular weight distribution of polyethylene, 
whether made with metallocenes or traditional Ziegler-Natta catalysts. One is post-reactor or melt blending, in which 

15 polyethylene of at least two different molecular weights are blended before or during processing. This procedure suffers 
from the requirement for complete homogenization and the attendant high cost. A second approach is the use of 
multistage reactors, which also raises questions of efficiency and cost. A third strategy is the direct production of 
polyethylene having a broad molecular weight distribution using two metallocenes in a single reactor. However, it is 
often difficult to balance finely the behaviors of two different catalysts in one reactor, making this method somewhat 

20 complicated from a practical standpoint. 

[0004] Another technique for enhancing the processability of polyethylene is the Introduction of long chain branching. 
Polyethylene containing long chain branches possesses good strength and low viscosity under high shear conditions, 
pennitting high processing rates. In addition, polyethylene containing long chain branches often exhibits strain hard- 
ening, so that films made from such polyethylene tend not to fail during manufacture. 

25 [0005] Copending U.S. Application Serial No. 08/1 71 ,272 to Karol et al.. filed December 21 , 1 993, describes the gas 
phase production of polyethylene containing long chain branches using bridged metailocene catalysts, such as diphe- 
nylmethylene(cyclopentadlenyl){fluorenyl)-zirconium dichloride ("DPZ"). Such a process provides polyethylene having 
an average of up to 3 long chain branches per 1000 main chain carbon atoms. 

[0006] While it would be desirable to broaden the molecular weight distributions of metallocene-made polyethylene, 
30 the narrow comonomer distributions of these polymers advantageously provide good clarity and mechanical strength. 
Accordingly, there is a need for a process for preparing metallocene-made polyethylene having a broadened molecular 
weight distribution, while maintaining its advantageously narrow comonomer distribution. 

[0007] Particular bridged metailocene catalysts containing cycloalkadienyl ligands with facial chirality are known for 
the polymerization of propylene, a prochiral molecule. It is also known that such catalysts epimerize into their racemic 

35 and meso forms in the presence of, for instance, light (Wild, J. Organomet. Chem., 1 982, Vol. 232, p. 233) or amines 
with heating (Diamond et a!., Organomet. , 1995, Vol. 14, No. 1 , p. 5). The racemic form generates isotactlc polypro- 
pylene, while the meso form produces atactic polypropylene. For discussions of both bridged and unbridged metai- 
locene catalysts used in the stereospecific production of polypropylene, see for example U.S. Patent No. 5,314,973 
to Welborn, Jr.; Ewen, "Mechanisms of Stereochemical Control in Propylene Polymerizations with Soluble Group 4B 

40 Metallocene/Methylalumoxane Catalysts", J. Am. Chem. Soc. 1984, Vol. 106, p. 6355; and Kaminsky et al., "Polym- 
erization of Propene and Butene with a Chiral Zirconocene and Methylalumoxane as Cocatalyst", Angew. Chem. Int. 
Ed. Eng .. 1985, Vol. 24, No. 6, p. 507. 

[0008] Those skilled in the polypropylene art recognize only limited end uses for atactic polypropylene. Accordingly, 
when bridged metailocene catalysts having cycloalkadienyl ligands with facial chirality are commercially used to make 
45 polypropylene, the meso stereoisomer is generally separated out, nomially at great cost, to avoid the formation of 
atactic polypropylene. 

[0009] U.S Patent No. 5,304,614 to Winter et al., and Spaleck et al., "The Influence of Aromatic Substituents on the 
Polymerization Behavior of Bridged Zirconocene Catalysts", Organomet. , 1994, Vol. 13, p. 954, disclose the use of 
bridged metailocene catalysts having cycloalkadienyl ligands with facial chirality in the production of polypropylene 

50 and polyethylene. However, each of these references emphasizes the importance of separating out undesirable meso 
stereoisomers from the catalyst composition. In the specific examples of these references in which polyethylene was 
made, none of the catalyst compositions contained more than 6% of the meso stereoisomer. Moreover, the Polydis- 
persity Indexes of the polyethylene made by Winter et al. in their Examples 14-18 were all 2.5 or less, indicating 
relatively narrow molecular weight distributions. Similariy, Spaleck et al. reported Polydispersity Indexes of less than 

S5 3 only 

[0010] It has now been discovered that certain bridged metailocene catalysts, namely those having cycloalkadienyl 
ligands with facial chirality, nomrially used to make polypropylene, may Instead be used to make polyethylene having 
the unexpected combination of a broad molecular weight distribution, a nan^ow comonomer distribution and excellent 
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processability. The present process employing these catalysts is simple and cost effective in that a single catalyst in 
a single reactor is used. And significantly, unlike in the case of polypropylene, there is no need to separate out the 
meso stereoisomer of these catalysts. Rather, the presence of both the racemic and meso stereoisomers during the 
polymerization of ethylene is important to the fonnation of polyethylene having the presently described set of charac- 

5 terlstlcs. The racemic and meso stereoisomers generate polyethylene of different molecular weights but substantially 
similar comonomer content. Polyethylene produced by a mixture of the racemic and meso stereoisomers of these 
metallocene catalysts is therefore a substantially homogeneous product having a narrow comonomer distribution and 
yet a broad molecular weight distribution. Advantageously, applicants have also found that the presence of a methyl- 
aluminoxane or modified methylaluminoxane cocatalyst ensures that a mixture of the racemic and meso stereoisomers 

10 is present during polymerization. 

SUMMARY OF THE INVENTION 

[0011] The invention provides a process for producing polyethylene, which comprises contacting under gas phase 
15 polymerization conditions ethylene and optionally a higher atpha-olefin with a catalyst composition comprising: a) ra- 
cemic and meso stereoisomers of a bridged metallocene catalyst containing two cycloalkadienyl ligands joined by a 
bridging linkage and complexed to a metal atom, each cycloalkadienyl ligand having facial chirality, and b) a cocatalyst 
selected from the group consisting of methylaluminoxane and modified methylaluminoxane; wherein the polyethylene 
produced has Polydispersity Index of at least about 3.0, a melt index, Ml, and a Relaxation Spectrum Index, RSI, such 
20 that (RSI)(MI«) Is greater than about 26 when a is about 0.7, and a Crystallizable Chain Length Distribution Index, LJ 
Lf^, of less than about 3, as well as polyethylene produced by the above process, 

[001 2] The invention also provides a new composition consisting essentially of the racemic and meso stereoisomers 
of dimethylsilylenebis(2-methylindenyl)zirconium dichloride, a process for producing polyethylene, which comprises 
contacting under gas phase polymerization conditions ethylene and optionally a higher alpha-olefin with a catalyst 
25 composition comprising: a) racemic and meso stereoisomers of dimethylsilylenebis(2-methyllndenyl)zlrconium dichlo- 
ride, and b) a cocatalyst selected from the group consisting of methylaluminoxane and modified methylaluminoxane; 
and polyethylene produced by this process. A composition consisting essentially of a mixture of the racemic and meso 
stereoisomers of dimethylsilylenebis(2-methylindenyl)2irconium dichloride and such composition's use In the gas 
phase polymerization of ethylene are neither taught nor suggested by the art. 

3d 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] Polyethylene produced according to the invention includes ethylene homopolymers, and interpolymers of 
ethylene and linear of branched higher alpha-olefins containing 3 to about 20 carbon atoms, with- densities ranging 
35 from about 0.86 to about 0.95. Suitable higher alpha-olefins include, for exahfiple, propylene, 1-butene, 1-pentene, 

1- hexene, 4-methyl- 1-pentene, 1-octene and 3, 5, 5-trlmethyl-1-hexene. Dienes, particularly non-conjugated dienes, 
may also be polymerized with the ethylene. Suitable non^onjugated dienes are linear, branched, or cyclic hydrocarbon 
dienes having from about 5 to about 20 carbon atoms. Especially preferred dienes include 1 ,5-hexadiene, 5-vinyl- 

2- nori3ornene, 1 ,7-octadiene and the like. Polyethylene also includes, for example, ethylene/propylene rubbers 
40 (EPR's), ethylene/propylene/diene terpolymers (EPDM's) and the like. Aromatic compounds having vinyl unsaturatlon, 

such as styrene and substituted styrenes, may be included as comonomers as well. Particularly preferred polyethylenes 
contain about 1 to about 40 percent by weight of a comonomer selected from propylene, 1-butehe, 1-hexene, and 
mixtures thereof. 

[0014] The catalyst composition used in the present invention comprises the racemic and meso stereoisomers of a 
45 bridged metallocene catalyst containing two cycloalkadienyl ligands joined by a bridging linkage and complexed to a 
metal atom. Preferably the metal atom is titanium, zirconium, or hafnium. More preferably, the metal atom Is zirconium. 
[0015] Each of the cycloalkadienyl ligands of the bridged metallocene catalyst has facial chirality, Chirality is used 
to describe asymmetric molecules or ligands whose mirror Images are non-superimposable (i.e., having "handedness"). 
In the simplest case, there is a chiral center. In the following case the chiral center is the carbon atom: 

50 
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[0016] In cyclic systems a plane of chirallty nnay exist, giving rise to facial chlrallty. To illustrate the concept of facial 
chlrality, the indenyl llgand is used as an example. An indenyl llgand may be viewed as a cyclopentadienyl ligand 
containing two substituents that are connected to form a 6-carbon ring. An unsubstltuted Indenyl (I.e. , a cyclopentadienyl 
ligand containing only the two substituents that form the 6-member ring) has no chirality. If a chiral substituent is attached 
to the indenyl ligand, the ligand is described in terms of the chirality of the substituent's chiral center However, if one 
or more achiral substituents are attached to the indenyl ligand, and there is no mirror plane of symmetry, the substituted 
Indenyl llgand (the cyclopentadienyl ligand containing the two substituents connected to forni the 6-member ring plus 
one or more additional achiral substituents) is then said to have facial chirality: 



Thus, the 2-methylindenyl ligand above has no chirality (facial or otherwise) but 1-methylindenyl ligand has facial 
prochlrality 

[0017] The temn facial chirality implies a plane of chirality exists which incorporates the indenyl ligand. A metal (M) 
can coordinate to one of the two chiral faces of the 1 -methylindenyl ligand, forming a basis for discrimination between 
the two prochiral faces. This forms the enantiomers: 



[0018] When there are two such ligands in a molecule, each having facial chirality and coordinated to a metal, four 
possible stereoisomers result: the metal can coordinate to the Riace of each ligand (f?, R) or the Sface of each ligand 
(S, S) or it can coordinate to one of each face (fl, S' and S, R), wherein fl, R', S, and S' refer to the absolute config- 
urations of the ligands. The R, f?'and S, S' stereoisomers are collectively called the racemic stereoisomers, while the 
R, S'and S, f?' stereoisomers are called the meso stereoisomers. 

[001 9] To produce polyethylene of the invention having a broadened molecular weight distribution, a narrow comon- 
omer distribution, and excellent processability, it is necessary that both the racemic and meso stereoisomers be present 
in the catalyst composition In greater than trivial amounts. This is in contrast to the catalyst compositions nortnally used 



2-methylindcnyl ligand \ 

(achiral) 

1-methylindenyl ligand 
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in the production of polypropylene, in which very little or no meso stereoisomer is present in order to avoid the formation 
of atactic polypropylene. Preferably, both the racemic and meso stereoisomers are present during polymerization in 
an amount greater than about 6, more preferably 10, percent by weight of the total amount of bridged metallocene 
catalyst containing cycloalkadienyl ligands having facial chiralrty. Such amount Is independent of the ratio of racemic 
stereoisomer to meso stereoisomer present in the bridged metallocene catalyst containing cycloalkadienyl ligands with 
facial chirality before it is combined with the methylaluminoxane or modified methyialumlnoxane cocatalyst to fomn the 
activated catalyst composition. 

[0020] In a preferred embodiment of the invention, the bridged metallocene catalyst containing two cycloalkadienyl 
ligands with facial chirality has the formula: 



wherein to Rg are the same or different monovalent substituents selected from alkyi, aryl, alkylaryl, arylalkyi, hy- 
drogen, halogen, or hydrocart)oxy and any two of R^ to Rg may be connected to form a ring of 4-8 atoms, such that if 
Ri = R4 then R2 ^ R3, and If Rg = R3 then R^ R4, and if R5 = Rg then Rg ^ Ry, and If Rg = R7 then R5 ^ Rg, the symbol 

"=" denoting both chemical and stereochemical equivalence; 

Q is a divalent substituent selected from alkylidene, dialkylsilylene, dialkylgennylene, and cycloalkylidene; 
M Is transition metal selected from Group 4, and is preferably zirconium or hafnium; and 

and Xg are the same or different, and are monovalent ligands selected from alkyI, aryl, alkylaryl, arylalkyi, hydrogen, 
halogen, hydrocari30xy, aryloxy, dialkylamido, carboxylato, thiolato, and thioaryloxy. 

[0021] The following compounds are illustrative but non-limiting examples of useful bridged metallocene catalysts 
containing two cycloalkadienyl ligands with facial chirality: 

dimethylsilylenebis(indenyl)zirconium dichloride, 
ethylenebis(lndenyl)zirconlum dichloride, 

dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 
ethylenebis(4,5,6,7-tetrahydroindenyl)2irconium dichloride, 
dimethylsilylenebis(2-methylindenyl)zirconium dichloride, 
dimethylsilylenebis(2-methyl-4,5,6,7-tetrahydroindenyl)zirconium dichloride, 
methylphenylsilylenebis(2-methyllndenyl)2irconium dichloride, 
dimethylsilylenebis(2,4,7-trimethylindenyl)zirconium dichloride, 
ethylenebis(2-methylindenyl)zirconium dichloride, 
ethylenebis(2-methyl-4,5,6,7-tetrahydroindenyl)zirconium dichloride, 
dimethylsilylenebis(2-methylindenyl)zirconium dichloride, 
dimethylsilylenebis(2-methyl-4-phenylindenyl)zirconium dichloride, 
dimethylsilylenebis(2-methyl-4-isopropylindenyl)zlrconlum dichloride, 
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djmethylsllylenebis(2-methyl-4'naphthylindenyl)2lrconium dichloride, 

dimethylsilylenebjs(2-methylindenyl)zirconium chloride phenoxide, 

dimethyisilylenebjs(2-methyljndenyl)zirconium diphenoxide, 

dimethylsilyIenebis(2-methylindenyl)zirconium bis(dimethy(amide), 
5 dimethylsilylenebis(2-methylindenyl)zirconium bis(benzoate}, 

dimethyIsjlylenebis(2-methylindenyl)zirconjum chloride ethoxide, 

dimethylsilylenebis(2-methyllndenyl)zlrconjum diethoxide, 

dimethylsilylenebls(2-methyfindenyl)zlrconium bis(cyclohexanoxide), 

dimethylsiiylenebis(2-methylindenyl)zirconlum catecholate, 
10 dimethylsiiylenebls(2,4-dimethyicyclopentadienyl)zirconlum dichloride, 

dlmethylsity!enebis(2-methyl-4-t-butylcyciopentadienyl)zirconium dichloride, and 

ethylenebis(2,4-dimethylcyclopentadienyl)zirconium dichloride. 

[0022] Preferably, the bridged metallocene catalyst is dimethylsilylene-bis(2-methylindenyt)zironium dichloride. 

IS Dimethylsilylenebis(2-methyllndenyl)zirconium dichloride is defined by the fonnula immediately above when and 
Rg are each methyl; R2 and Rg are each hydrogen; R3 and R4 connect to form -CH=CH-CH=CH-; R7 and Rq connect 
to fonrn -CH=CH-CH=CH-; Q Is dimethylsilylene; M is zirconium; and and are each chloride. A mixture of the 
racemic and meso stereoisomers of dimethylsilylenebls(2-methyltndenyl)zlronium dichloride is especially useful In pre- 
paring catalyst compositions that produce polyethylene having highly desirable properties. 

20 [0023] The bridged metallocene catalyst may be made by one of several methods. The method of manufacture Is 
not critical. For example, see A. Razavi and J. Ferrara, J. Organomet. Chem,, 435, 299 (1992) and K. P. Reddy and 
J. L. Petersen, Organometallics, 8, 21 07 (1 989). One method comprises first reacting two equivalents of an optionally 
substituted cyclopentadiene with a metallic deprotonating agent such as an alkyliithium or potassium hydride in an 
organic solvent such as tetrahydrofuran, followed by reaction of this solution with a solution of one equivalent of a 

25 doubly-halogenated compound such as dichlorodimethylsilane. The resulting llgand is then isolated by conventional 
methods known to those skilled in the art (such as distillation or liquid chromatography), reacted with two equivalents 
of a metallic deprotonating agent as above, and then reacted with one equivalent of a tetrachloride of titanium, zirco- 
nium, or hafnium, optionally coordinated with donor ligand molecules such as tetrahydrofuran, in organic solvent. The 
resulting bridged metallocene catalyst is isolated by methods known to those skilled in the art such as recrystallization 

30 or sublimation. 

[0024] Alternatively, the bridged metallocene catalyst may be produced by first reacting one equivalent of an option- 
ally substituted cyclopentadiene with one equivalent of metallic deprotonating agent in an organic solvent as above, 
followed by reaction with one equivalent of a molecule containing an unsaturated five-cartjon ring to which is attached 
an exocycllc group susceptible to nucleophilic attack, such as a dialkylfulvene. The reactive solution is next quenched 
35 with water and the ligand is isolated by conventional methods. One equivalent of the ligand is next reacted with two 
equivalents of metallic deprotonating agent as above and the resulting solution is in turn reacted with one equivalent 
of a tetrachloride of titanium, zirconium, or hafnium optionally coordinated with donor ligand molecules such as tet- 
rahydrofuran. In organic solvent. The resulting bridged metallocene catalyst Is isolated by methods known to those 
skilled In the art. 

40 [0025] The cocatalyst is methylaluminoxane (IVIAO) or modified methylaluminoxane (MM AO). Alumlnoxanes are well 
known in the art and comprise oligomeric linear alkyi alumlnoxanes represented by the formula: 



45 
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wherein s is 1-40, preferably 10-20; p is 3-40, preferably 3-20; and R*** is an alkyi group containing 1 to 12 cart>on 
10 atonfis, preferably methyl or an aryl radical such as a substituted or unsubstltuted phenyl or naphthyl radical. In the 

case of nnethylalunninoxane, R*** in the two formulas immediately above Is methyl. For modified methylaluminoxane, 
R*** is a mix of methyl and C2 to C^g ^'^^V' O^oups, wherein methyl comprises about 20 to about 80 percent by weight 
of the R*** groups. 

[0026] Aluminoxanes may be prepared in a variety of ways. Generally, a mixture of linear and cyclic aluminoxanes 

15 Is obtained in the preparation of aluminoxanes from, for example, trimethyl aluminum and water. For example, an 
aluminum alkyI may be treated with water in the form of a moist solvent. Alternatively, an aluminum alkyI, such as 
trimethylalumlnum, may be contacted with a hydrated salt, such as hydrated ferrous sulfate. The latter method com- 
prises treating a dilute solution of trimethylalumlnum In, for example, toluene with a suspension of ferrous sulfate 
heptahydrate. It is also possible to form methylaluminoxanes by the reaction of a tetraalkyldialuminoxane containing 

20 C2 or higher alkyI groups with an amount of trimethylalumlnum that is less than a stoichiometric excess. The synthesis 
of methylaluminoxanes may also be achieved by the reaction of a trialkyi aluminum compound or a tetraalkyldialumi- 
noxane containing or higher alkyI groups with water to fonn a polyalkyi aluminoxane, which is then reacted with 
trimethylalumlnum. Further modified methylaluminoxanes, which contain both methyl groups and higher alkyI groups, 
may be synthesized by the reaction of a polyalkyi aluminoxane containing or higher alkyI groups with trimethylalu- 

25 minum and then with water as disclosed in, for example, U.S. Patent No. 5,041 ,584. 

[0027] The amount of bridged metallocene catalyst and cocatalyst usefully employed in the catalyst composition 
may vary over a wide range. Preferably, the catalyst composition is present at a concentration sufficient to provide at 
least about 0.000001 , preferably at least about 0.00001 , percent by weight of transition metal based on the total weight 
of ethylene and other monomers. The mole ratio of aluminum atoms contained in the methylaluminoxane or modified 

30 methylaluminoxane to metal atoms contained in the bridged metallocene catalyst is generally in the range of about 2: 
1 to about 1 00,000:1 , preferably in the range of about 1 0:1 to about 1 0,000:1 , and most preferably In the range of about 
30:1 to about 2,000:1. 

[0028] The catalyst composition may be supported or unsupported. In the case of a supported catalyst composition, 
the bridged metallocene catalyst and the cocatalyst may be impregnated in or deposited on the surface of an inert 
35 substrate such as silicon dioxide, aluminum oxide, magnesium dichloride, polystyrene, polyethylene, polypropylene, 
or polycarbonate, such that the catalyst composition is between 1 and 90 percent by weight of the total weight of the 
catalyst composition and the support. 

[0029] Polymerization is conducted in the gas phase in a stirred or fluidlzed bed reactor, using equipment and pro- 
cedures well known in the art. Preferably, superatmospheric pressures in the range of 1 to 1000 psi, preferably 50 to 
40 400 psi, and most preferably 100 to 300 psi,. and temperatures in the range of 30 to 130°C, preferably 65 to 110'*C are 
used. Ethylene and other monomers, if present, are contacted with an effective amount of catalyst composition at a 
temperature and a pressure sufficient to initiate polymerization. At least a temperature of SS"* C is required for the 
appreciable onset of epimerization. 

[0030] Suitable gas phase polymerization reaction systems comprise a reactor to which monomer(s) and catalyst 
45 composition may be added, and that contain a bed of forming polyethylene particles. The invention is not limited to 
any specific type of gas phase reaction system. As an example, a conventional fluldized bed process is conducted by 
passing a gaseous stream containing one or more monomers continuously through a fluldized bed reactor under re- 
action conditions and in the presence of catalyst composition at a velocity sufficient to maintain the bed of solid particles 
in a suspended condition. The gaseous stream containing unreacted gaseous monomer is withdrawn from the reactor 
50 continuously, compressed, cooled and recycled into the reactor. Product is withdrawn from the reactor and make-up 
monomer is added to the recycle stream. 

[0031] Conventional additives may be included in the process, provided they do not interfere with the epimerization 
of racemic and meso stereoisomers of the bridged metallocene catalyst. 

[0032] When hydrogen is used as a chain transfer agent in the process, it is used in amounts varying between about 
55 0.001 to about 1 0 moles of hydrogen per mole of total monomer feed. Also, as desired for temperature control of the 
system, any gas inert to the catalyst composition and reactants can also be present in the gas stream. 
[0033] Organometalllc compounds may be employed as scavenging agents for poisons to increase the catalyst 
activity. Examples of these compounds are metal alkyls, preferably aluminum alkyls, most preferably trisobutyi-alumi- 
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num tri-n-hexyl aluminum. Use of such scavenging agents is well known in the art. 

[0034] Polyethylene produced according to the invention suprisingly has a broadened molecular weight distribution 
relative to known polyethylene. In particular, the polyethylene has a Polydispersity Index uncorrected for long chain 
branching of at least about 3.0, preferably at least about 4.0, Indicating that this polyethylene has a molecular weight 

5 distribution that is advantageously quite broad. The Polydispersity Index (PDI) of a polymer is defined as the ratio of 
the weight average molecular weight of the polymer to the number average molecular weight of the polymer (M^M„). 
PDI, uncorrected for long chain branching is determined using size exclusion chromatography (SEC) using a Waters 
150C GPC instrument operating at 140°C with 1 ,2,4-trichloroben2ene at a flow rate of 1 ml/min. The pore size range 
of. the column set provides for a MW separation covering the 200 to 10,000,000 Daltons range. National Institute of 

10 Standards Technology polyethylene standard NBS 1475 or 1496 is used as the calibration standard to obtain the 
uncorrected (linear polymer assumed) molecular weight distribution, 

[0035] The present polyethylene has unique rheological properties that impart superior melt strength and shear- 
thinning behavior, enabling it to process extremely easily. Such enhanced processabiiity encompasses ease in both 
extrusion and fabrication processes, such as in blown film, blow molding, extrusion coating and wire and cable extrusion 
15 operations. In particular, the polyethylene has melt indices, Ml, and Relaxation Spectrum Indices. RSI. such that: 



(RSI)(MI^) > about 26 when a is about 0.7. 

20 Preferably, 

(RSI)(Ml") > about 30 when a is about 0.7. 

25 In the fomnulas immediately above, M I is the melt index of the polymer reported as grams per 1 0 minutes, determined 
in accordance with ASTM D-1 238, condition E, at 1 90°C, .and RSI is the Relaxation Spectrum Index of the polymer in 
dimensionless units. 

[0036] The RSI of the polyethylene is determined by first subjecting the polymer to a shear deformation and meas- 
uring its response to the deformation using a rheometer. As is known in the art, based on the response of the polymer 

30 and the mechanics and geometry of the rheometer used, the relaxation modulus G(t) or the dynamic moduli G'(w) and 
G"(w) may be detemiined as functions of time t or frequency w, respectively. (See J. M. Dealy and K. F. WIssbrun, Melt 
Rheology and Its Role in Plastics Processing , Van Nostrand Reinhold, 1 990, pp. 269-297). The mathematical connec- 
tion between the dynamic and storage moduli is a Fourier transform integral relation, but one set of data may also be 
calculated from the other using the well known known relaxation spectrum. (See S. H. Wassemrian, J. Rheology , Vol. 

35 39, pp. 601-625 (1995)). Using a classical mechanical model a discrete relaxation spectrum consisting of a series of 
relaxations or "modes," each with a characteristic intensity or "weight" and relaxation time may be defined. Using such 
a spectrum, the moduli are re-expressed as: 



40 



45 



50 



where N is the number of modes and gj and X| are the weight and time for each of the modes. (See J. D. Ferry, 
Viscoelastic Properties of Polymers . John Wiley & Sons, 1980, pp. 224-263.) A relaxation spectrum may be defined 
55 for the polymer using software such as IRIS® rheological software, which is commercially available from IRIS Devel- 
opment. Once the distribution of modes in the relaxation spectrum is calculated, the first and second moments of the 
distribution, which are analogous to M^ and M^, the first and second moments of the molecular weight distribution, are 
calculated as follows: 
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8W XSi^i /ZSi 
i I i 

^0 RSI is defined as g,/g,. 

[0037] Because RSI is sensitive to such parameters as a polymer's molecular weight distribution, molecular weight, 
and long chain branching, it is a reliable Indicator of the processablity of a polymer. The higher the value of RSI, the 
better the processabillty of the polymer 

[0038] In addition, the polyethylefne has a Crystal lizable Chain Length Distribution Index, L^^n, of less than about 
^5 3, preferably less than about 2, indicative of comonomer distributions and therefore substantial compositional homo- 
geneity. The Crystallizable Chain Length Distribution Index is detennined using Temperature Rising Elution Fraction- 
ation (TREF), as described in Wild et al., J. Polymer Sci., Poly. Phys. Ed ., Vol. 20, p. 441 (1982). A dilute solution of 
the polymer in a solvent such as 1 ,2,4-trichlorobenzene, at 1-4 mg/ml, is loaded at high temperature onto a packed 
column. The column is then allowed to slowly cool down at 1 '^C/hr. to ambient temperature in a controlled manner so 
20 that the polymer is crystallized onto the packing in the order of increasing branching (or decreasing crystallinity) with 
the decreasing temperature. The column is then heated in a controlled manner at 0.75**C/min to above 140''C with a 
constant solvent flow at 2ml/mln through the column. The polymer fractions as they are eluted have decreasing branch- 
ing (or increasing crystallinity) with the increasing temperature. An infrared concentration detector is used to monitor 
effluent concentrations. From the TREF temperature data, the branch frequency may be obtained for a given comon- 
25 omer. Consequently, the main chain lengths between branches, expressed as L^^ and L^, may be calculated as follows. 
L^ is the weight average chain length between branches: 

L^=ZiW,L| 

30 

and Ln is the number average chain length between branches: 

L„=1/Z,(w,/L,), 

35 

wherein Wj is the weight fraction of the polymer component i having an average backbone chain spacing L| between 
two adjacent branch points. 

[0039] Another preferred characteristic of the present polyethylene is that it contains at least about 0.3 long chain 
branches per 1000 main chain carbon atoms. This further contributes to its excellent processablity. Preferably, the 

40 polyethylene contains at least about 0.5 long chain branches per 1 000 main chain carbon atoms. More preferably, the 
polyethylene contains at least about 0.7 long chain branches per 1 000 main chain carbon atoms. Long-chain branching 
or LCB is measured by coupled size exclusion chromatography (SEC) with isolution viscometry using the Waters 1 50C 
GPC instrument (Waters Associates) with an on-line differential viscometer made by Viscotek Corporation using the 
same experimental conditions as described elsewhere for standard size exclusion chromatography. A polyethylene 

45 standard of known molecular weight distribution and intrinsic viscosity in 1 ,2,4-trichlorobenzene at 140°C, such as 
NBS 1475 or 1496, is used for obtaining the calibration. The LCB values are derived from the viscosity ratio of the 
branched polymer to linear polymer of same molecular weight. (See Mirabella, F. M., Jr.; and Wild, L, Polymer Char- 
acterization. Amer. Chem. Soc. Symp. Ser. 227, 190, p. 23.) An epsilon value of 0.75 is used in relating the viscosity 
ratio to the ratio of mean-square radius of gyration of the branched polymer to linear polymer also at same molecular 

50 weight. (See Foster, G. N., MacRury, T. B., Hamielec, A. E., Liquid Chromatography of Polymer and Related Materials 
II, Ed. - J. Cazes and X. Delamere, Marcel Dekker, New York) This ratio of radii of gyration is used in the LCB calculations 
per the Zimm-Stockmayer relationship (Zimm, B.H. and Stockmayer, W.H., J. Chem. Phys., vol. 17, p. 1301, 1949), 
as described in Developments in Polymer Characterization - 4 . Dawkins, J.V., ed.. Applied Science, Barking, 1993. 
[0040] The polyethylene may be blended with other polymers and resins as desired using techniques known In the 

55 art. In addition, various additives and agents, such as themrio- and photo-oxidation stabilizers, hindered phenolic anti- 
oxidants, hindered amine light stabilizers, crosslinkers such as dicumyl peroxide, colorants including carbon blacks 
and titanium dioxide, lubricants such as metallic stearates, processing aids such as fluoroelastomers, slip agents such 
as oleamide or erucamide, film antiblock or release agents such as controlled particle size talc or silica, blowing agents, 
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flame retardants, and other conventional materials may be mixed with the polyethylene as desired. 
[0041] The polyethylene is useful for fabrication into a variety of finished articles such as films including clarity films 
and shrink films, extaision coatings, wire and cable insulation and jacketing, crosslinked, power cable insulation, mold- 
ed articles made by injection molding, blow molding, or rotational molding, and insulating and semiconductive jacketing 
5 and/or shields. Methods of making such articles are well known in the art. 
[0042] The following examples further illustrate the invention. 

Examples 

10 Glossary 

[0043] Catalyst activity is given in kg/mmol Zr • hr • lOOpsi ethylene. 

[0044] Fl is the flow index, reported as grams per 10 minutes, is detemnined in accordance with ASTM D-1238, 
condition F, and is measured at ten times the weight used in the melt index text. 
IS [0045] stands for Crystal lizable Chain Length Distribution Index, described above. TREF measurements were 

made as described above. 

[0046] MFR is the melt flow ratio, which is the ratio of flow index to melt index. It is related to the molecular weight 
distribution of the polymer. 

[0047] Ml is the melt index, reported as grams per 1 0 minutes, detennined in accordance with ASTM D-1238, con- 
20 ditlonE,at190«C. 

[0048] Molecular Weights, Molecular Weight Distribution, and Long Chain Branching (LCB) were determined by size 
exclusion chromatography as follows. A WATERS 160C GPC chromatograph equipped with mixed-pore size columns 
for molecular weight measurements and a VISCOTEK 150R viscometer for on-line viscosity measurements were em- 
ployed. For the size exclusion chromatograhy (SEC), a 25 cm long preliminary column from Polymer Labs having a 

25 50 A nominal pore size, followed by three 25 cm long Shodex A-80 M/S (Showa) columns to affect a molecular weight 
separation for linear ethylene polymer from about 200 to 1 0,000,000 Daltons were used. Both columns were of a 
styrenedivinyl benzene-like material. 1 ,2,4,-trichlorobenzene was used as the solvent to prepare the polymer solutions 
and the chromatographic elutent. All measurements were made at a temperature of 140 ± 0.5°C. The analog signals 
from the mass and viscosity detectors were collected Into a computer system. The collected data were then processed 

30 using standard software commercially available from several sources (Waters Corporation and Viscotek Corporation) 
for uncorrected molecular weight distribution. The calibration uses the broad MWD calibrant method. (See W. W. Yau, 
J. J. Kiridand and D. D. BIy, Modern Size-Exclusion Liquid Chromatography , Wiley, 1979, p. 289-313. For the latter, 
two MW related statistics such as number and weight average MW values must be known for the polymer calibrant. 
Based on the MW calibration, elution volume is converted to molecular weight for the assumed linear ethylene polymer. 

35 [0049] A detailed discussion of the methodology of the SEC-Viscometry technique and the equations used to convert 
SEC and viscometry data into long-chain branching and corrected molecular weights is given in the article by Mirabella 
and Wild referred to above. 

[0050] Rheologlcal measurements were done via dynamic oscillatory shear experiments conducted with a new Weis- 
senberg Rheogoniometer commercially available from TA Instruments. Experiments were run in parallel plate mode 

40 under a nitrogen atmosphere at 190°C. Sample sizes ranged from approximately 1 1 00 to 1500 mm and were 4cm in 
diameter. The frequency sweep experiments covered a frequency range of 0.1 to 1 00 sec^ with a 2% strain amplitude. 
The torque response was converted by the TA Instruments rheometer control software to dynamic moduli and dynamic 
viscosity data at each frequency Discrete relaxation spectra were fit to the dynamic moduli data for each sample using 
the IRIS® commercial software package. 

45 [0051] Process operability was evaluated by production rates and polymer morphology. Good operability indicates 
continuous high productivity and no chips orchuncks, or process upsets and a high bulk density, while poor operability 
indicates that continuous operation was not feasible due to extensive particle agglomeration. 

Slurry Polymerization (Comparative Examples A-P) 

50 

[0052] Referring to Table 1 below, in Comparative Examples A-D, polyethylene samples were made using catalyst 
compositions comprising a mixture of the racemic and meso stereoisomers of dimethylsilylenebis(2-methylindenyl) 
zirconium dichloride (Me2Si(2-Melnd)ZrCl2), a bridged metallocene catalyst containing two cycloalkadlenyl ligands 
having facial chlrallty, in a slurry phase reactor as follows. These Examples illustrate that only relatively narrow molec- 
ss ular weight distribution polyethylene. 
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Example A 

[0053] In a 4-oz glass bottle were mixed 50 mL of nitrogen-sparged hexane and 0.25 mL of a 2.0 mol/L solution of 
methylaluminoxane (MAO) in toluene (5 x 10'^ moles Al, obtained from Ethyl Corp.). The contents of this bottle were 

5 transferred into a 1 .6 liter stainless steel autoclave reactor equipped with a mechanical agitator, after which a mixture 
of 26 mL 1-hexene and 600 mL additional hexane was added. Next, 0.2 standard liters of hydrogen were admitted to 
• the reactor, followed by ethylene, which caused the total reactor pressure to rise to 1 50 psi as the internal temperature 
was raised to 85*'C. At this point, 0.84 mL of a solution made fronri 6 mg Me2Si(2-Melnd)ZrCl2 (initial isomer ratio rac/ 
meso « 30, obtained from Boulder Scientific) In 10.5 mL toluene (1 x 10'^ moles) was injected by syringe into the 

10 reactor, initiating polymerization, Polymerization was temninated after 13 min. by venting the reactor and cooling its 
contents, the polymer was recovered by blending the reactor contents with a mixture of isopropyl and methyl alcohol 
and filtering. The polymer was then dried for at least 15 h in partial vacuum at about 40°C. From this reaction were 
obtained 43.9 g polyethylene of melt index 11.1 dg/min, flow Index 311 dg/min, and SCB/1000C (detemriined by IR 
spectroscopy) of 33. SEC-estimated M^^ = 47,500 g/mole and M^Mp = 2.6. 

15' 

Example B 

[0054] The same procedure was employed as in Example A, except that the amount of MAO solution employed was 
1 mL (2 X 10-3 moles Al), the initial isomer ratio of the metallocene catalyst was rac/meso = 0.2, and the reaction 
20 proceeded for 1 0 min. Polymer yield = 47.2 g; melt index = 25.3 dg/min; flow index = 720 dg/min; M^ = 40,900 g/mole; 
MJMn = 2-4; SCB/1000C (by IR spectroscopy) = 45. 

Example C 

25 [0055] The same procedure was employed as in Example A, except that the amount of MAO solution employed was 
1 mL (2 X 10'^ moles Al), no hydrogen was added, and the reaction was allowed to proceed for 19 min. Polymer yield 
= 38.3 g; flow Index = 5.1 dg/min; M^ = 129,1 00 g/mole; M^M^ = 2.4; SCB/1000C (by IR spectroscopy) = 48. 

Example D 

30 

[0056] The same procedure was employed as in Example B, except that the amount of MAO solution employed was 
0.25 mL (5x10-^ moles Al), no hydrogen was added, and the reaction was allowed to proceed for 18 min. Polymer 
yield = 45.7 g; melt index = 0,14 dg/min; flow index = 12.1 dg/min; M^ = 104,500 g/mole; M^M^ = 2.6; SGB/1000C 
(by IR spectroscopy) = 40. 

35 

Gas Phase Polymerization - Stirred Bed (Examples 1-7) 

[0057] Referring to Table 2 below, In Examples 1-7, polyethylene samples were made using unsupported and sup- 
ported mixtures of the racemic and meso stereoisomers of Me2Si(2-Melnd)ZrCl2 ("SIZR" and "Sup SIZR", respectively) 
40 in a gas phase, stirred bed reactor. Only the bridged metallocene catalysts containing two cycloalkadlenyl iigands 
having facial chiraiity resulted in polyethylene products having broad Polydispersity Indexes (PDI), nan-ow comonomer 
distributions (as measured by the Crystallizable Chain Length Distribtution Index, L^L^) and long chain branching 
(LOB). 

[0058] The gas phase reactor used in each of these Examples consisted of a two-phase (gas/solid) stirred bed 
^ reactor in which multiple "plows" were mounted horizontally on a centra! shaft rotating at 1 90 rpm to keep the particles 

in the reactor mechnlcally fluidized. Gas was continually recirculated through the apparatus. 

[0059] Starting materials, amounts and conditions for each Example are given in Table 2. The reactor pressure In 

Examples 1-6 was 300 psi, while in Example 7 the reactor pressure was 350 psI. The ethylene partial pressure In 

Examples 1-6 was 120 psi, while in Example 7, it was 240 psi. 
50 [0060] Ethylene and 1-hexene monomers and hydrogen (for molecular weight control) were fed to the reactor as 

required to maintain gas composition. 

[0061] The catalyst compositions were prepared and introduced into the reactor as follows. 
Examples 1-4 (unsupported) 

55 

[0062] In each Example, the catalyst was metered into the reactor as a dichloromethane solution with a continuous 
stream of modified methylaluminoxane (MMAO) in isopentane solvent (obtained from Ethyl Corp.). The mixed solution 
feed was sprayed into the reactor by a constant flow of nitrogen. Cocatalyst feed rate was maintained In proportion to 
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the catalyst feed rate. 
Examples 5-7 (supported) 

5 [0063] Each of the supported catalyst compositions in Examples 5-7 were prepared by first adding to a 500 mL flask 
equipped with magnetic stirbar under nitrogen atmosphere 250 mL toluene (distilled from Na/benzophenone) and 50.0 
g silica (DAVISON 955, previously dried at 600**C). To this slurry were then added 83,1 g of MAO in toluene (30 weight 
%). The resulting mixture was stirred for 1 h. To this slurry was then added a solution of 1 .17 g Me2Si(2-l\/lelnd)ZrCl2 
in 60 mL toluene; the sluny was then stinted an additional ca. 1 h. Next, solvent was removed by placing the flask In 

10 an oil bath set at 50*^0 and placing under vacuum. From this procedure were recovered 86.9 g of peach-colored powder. 
ICP analysis showed the catalyst composition to have 2.63 x 1 0'^ moles Zr/g and 4.37 x 1 0*3 moles Al/g. The catalyst 
composition was subsequently slurried in mineral oil at 20 weight % solids. 

[0064] In each of these Examples, the resulting slurry was added to the stirred bed reactor with a continuous stream 
of TIBA scavenger solution. The mixed solution feed was sprayed into the reactor by a constant flow of nitrogen. 

IS 

Gas Phase Polymerization - Fluid Bed (Examples 8-10 and Comparative Examples E-G) 

[0065] Referring to Table 3 below, in Examples 8-1 0 polyethylene samples were made using a catalyst composition 
comprising a mixture of the racemic and meso stereoisomers of Me2Si(2-MeInd)ZrCl2 supported with MAO on silica 

20 in a gas phase, fluid bed reactor. In Comparative Examples E and F polyethylene samples were also made In a gas 
phase, fluid bed reactor, but the catalyst composition used comprised bis[n-butylcyclopentadienylzirconium dichloride 
("BuCp", an unbridged metallocene catalyst), and MAO supported on silica. In Comparative Example G, the catalyst 
composition 'comprised diphenylme thylene(cyclopentadienyl)(fiuorenyl)zirconium dichloride ("DPZ", a bridged metal- 
locene catalyst containing cycloalkadienyl ligands that do not have facial chirality) and MAO supported on silica. 

25 [0066] The bridged metallocene catalysts containing two cycloalkadienyl ligands having facial chirality resulted in 
polyethylene products having broad Polydispersity Indexes (PDI's), good processabillty (as measured by (RSI)(MI<^) 
greater than about 26 when a is about 0.7), narrow comonomer distributions (as measured by the Crystalline Chain 
Length Distribution Index, IJL^), and good operability. 

[0067] Polymerization was conducted in a 14 inch nominal diameter, gas phase, fluldlzed bed reactor having a bed 

30 height of 1 0 feet. Cycle gas linear velocity was 1 .2 to 1 .8 ft/sec. 

[0068] In each of Examples 8, 9 and E-G, reactor temperature was 80° C, while in Example 1 0 the reactor temperature 
was 65° C. Total reactor pressure in Examples 8-10, E and F was 350 psi. Total reactor pressure In Example G was 
420 psi. Ethylene partial pressure in Examples 8, 9, E, and F was 170 psi, while in Example 10 the ethylene partial 
pressure was 140 psi, and in Example G the ethylene partial pressure was 150 psi. 

35 [0069] The various catalyst compositions were prepared as follows. 

Comparative Example E 

[0070] A 1 -gallon jacketed vessel equipped with a helical impeller was charged with 2.3 L nitrogen-sparged toluene 
40 and 1 .1 L MAO in toluene (30 weight %), followed by 152 g of a solution of 20 g BuCp in ca. 200 mL toluene (obtained 
from Witco and Albemarte). This solution was stirred under nitrogen for 3 h. At this point, 855 g silica (DAVISON 955, 
previously dried at 600°C) were added to the reactor, and the resulting slurry was stirred for approximately 12 h at 
room temperature. The toluene was removed by placing the vessel under partial vacuum while heating the jacket to 
ca. 100°C with a nitrogen sweep over the material. From the vessel were recovered 1 .36 kg deep yellow, free-flowing 
powder. ICP analysis showed the catalyst composition to have 2.5 x 1 0-5 moles Zr/g and 2.4x1 0-^ moles Al/g. The 
catalyst composition was subsequently passed through a sieve with 600 ^m mesh aperture and slurried in mineral oil 
at ca. 25 weight % solids. 

Example F 

50 

[0071] A 1 -gallon jacketed vessel equipped with a helical impeller was charged with 2.0 L nitrogen-sparged toluene 
and 1 .456 L MAO in toluene (30 weight %), followed by a solution of 11 g of BuCp in ca. 100 mL toluene. This solution 
was stln-ed under nitrogen for 3 h. At this point, 605 g silica (DAVISON 955, previously dried at 600°C) were added to 
the reactor, and the resulting slurry was stirred for approximately 1 2 h at room temperature. The toluene was removed 
55 by placing the vessel under partial vacuum while heating the jacket to ca. 1 00*^0 with a nitrogen sweep overthe material. 
From the vessel were recovered 0.82 kg deep yellow, free-flowing powder. ICP analysis showed the catalyst compo- 
sition to have 3.3 x iQ-s moles Zr/g and 5.7 x 10-3 moles Al/g. The catalyst composition was subsequently passed 
through a sieve with 600 ^m mesh aperture and slurried in mineral oil at ca. 25 weight % solids. 
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Example G 

[0072] A 1 -gallon jacketed vessel equipped with a helical impeller was charged with 2.7 L MAO In toluene (30 weight 
%), followed by 613 g silica (DAVISON 955, previously dried at 600''G). The resulting slurry was stirred for 5 h at 98^0, 

5 then was allowed to cool to ambient temperature over a period of approximately 1 6 h. Next, a mixture of DPZ (20.2 
g), MAO (1 .26 moles Al), and toluene (ca, 1 L) was transferred to the slurry; a small additional amount of toluene was 
required to complete the transfer. The purple slurry was stirred at room temperature for 2 h, then allowed to settle with 
no agitation for 1 .5 h and 1 25 mL of supernatant were removed. The slurry was then turned into a thick mud by removal 
of toluene through heating of the sample (jacket temperature reached 84'*C) and placement under partial vacuum; this 

10 mud was then allowed to cool below 45*0, at which point ca. 3 L n-pentane (nitrogen-sparged and stored over molecular 
sieves) was added. After 1 h stirring, the slurry was allowed to settle with no agitation forca. 1 4 h. Next, the supernatant 
solution was removed via cannula, and another 3 L Ahpentane was added and the slurry agitated for 0.5 h. The slurry 
was then allowed to settle again with no agitation for 3 h. The supernatant solution was again removed via cannula, 
and the remaining mud was reduced to a free-flowing powder by heating and partial vacuum, with a nitrogen sweep 

IS over the material. The yield of light purple solid was 1.11 kg. ICP analysis showed the catalyst composition to have 
1 .6 X 1 0'5 moles Zr/g and 6.1 x 1 0-^ moles Al/g. The catalyst composition was subsequently passed through a sieve 
with 600 |im mesh aperture and slurried in mineral oil at ca. 25 weight % solids. 

Examples 8-10 

20 

[0073] Each of the catalyst compositions comprising supported Me2Si(2-Melnd)ZrCl2 ("Sup SIZR") were prepared 
as follows. A 1 -gallon jacketed vessel equipped with a helical impeller was charged with 2,0 L nitrogen-sparged toluene 
and 2.2 L MAO in toluene (30 weight %), followed by a solution of 23.1 g Me2Si(2-Melnd)ZrCl2 in 1 L toluene; 200 mL 
toluene was required to complete the transfer. The red solution was stirred under nitrogen for 3 h. At this point, 859 g 
25 silica (DAVISON 955, previously dried at 600'*C) were added to the reactor, and the resulting slurry was stirred for 
approximately 12 h at room temperature. The toluene was removed by placing the vessel under partial vacuum while 
heating the jacket to ca. lOO^C with a nitrogen sweep over the material. A light-orange, free flowing powder was 
recovered from the vessel. The catalyst composition was subsequently passed through a sieve with 600 fim mesh 
aperture and slumed in mineral oil at ca. 25 weight % solids. 

30 
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55 Claims 



1 . A polyethylene resin produced by a process which comprises contacting under gas phase polynnerization condi- 
tions ethylene and optionally a higher alpha-olefin with a catalyst composition comprising: 
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(a) racemic and meso stereoisomers of a bridged metallocene catalyst containing two cycloalkadienyl ligands 
joined by a bridging linkage and complexed to a metal atom, each cycloalkadienyl ligand having facial chirallty, 
and 

(b) a cocatalyst selected from the group consisting of methylaluminoxane and modified methylaluminoxane, 

wherein the polyethylene resin produced has a Polydispersity Index of at least 3.0, a melt index, Ml, and 
Relaxation Spectrum Index. RSI, such that (RSI) (Ml«)>26 when a is 0.7, a Crystallizable Chain Length Distribution 
Index, L^Lp, of less than 3 and at least 0.3 long chain branches per 1000 main chain carbon atoms. 

A process for producing polyethylene which comprises contacting under gas phase polymerization conditions eth- 
ylene and optionally a higher alpha-olefin with a catalyst composition comprising: 

(a) racemic and meso stereoisomers of dlmethylsilylenebis(2-methyl-lndenyl)2irconium dichloride, and 

(b) a cocatalyst selected from the group consisting of methylaluminoxane and modified methylaluminoxane. 

The process of claim 2, wherein ethylene is copolymerized with a higher alpha-olefin selected from propylene, 
1-butene, 1-hexene and mixtures thereof. 

The process of claim 2, wherein the polyethylene produced has at least about 0.3 long chain branches per 1 000 
main chain carbon atoms. 

A catalyst composition consisting essentially of racemic and meso stereoisomers of dimethylsllylenebis(2-meth- 
ylindenyl)zirconium dichloride. 
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